In the latter half of gestation (20-40 gestational weeks), human brain growth accelerates in conjunction with cortical folding and the deceleration of ventricular zone progenitor cell proliferation. These processes are reflected in changes in the volume of respective fetal tissue zones. Thus far, growth trajectories of the fetal tissue zones have been extracted primarily from 2D measurements on histological sections and magnetic resonance imaging (MRI). In this study, the volumes of major fetal zones-cortical plate (CP), subplate and intermediate zone (SP + IZ), germinal matrix (GMAT), deep gray nuclei (DG), and ventricles (VENT)-are calculated from automatic segmentation of motion-corrected, 3D reconstructed MRI. We analyzed 48 T2-weighted MRI scans from 39 normally developing fetuses in utero between 20.57 and 31.14 gestational weeks (GW). The supratentorial volume (STV) increased linearly at a rate of 15.22% per week. The SP + IZ (14.75% per week) and DG (15.56% per week) volumes increased at similar rates. The CP increased at a greater relative rate (18.00% per week), while the VENT (9.18% per week) changed more slowly. Therefore, CP increased as a fraction of STV and the VENT fraction declined. The total GMAT volume slightly increased then decreased after 25 GW. We did not detect volumetric sexual dimorphisms or total hemispheric volume asymmetries, which may emerge later in gestation. Further application of the automated fetal brain segmentation to later gestational ages will bridge the gap between volumetric studies of premature brain development and normal brain development in utero.
a b s t r a c t
In the latter half of gestation (20-40 gestational weeks), human brain growth accelerates in conjunction with cortical folding and the deceleration of ventricular zone progenitor cell proliferation. These processes are reflected in changes in the volume of respective fetal tissue zones. Thus far, growth trajectories of the fetal tissue zones have been extracted primarily from 2D measurements on histological sections and magnetic resonance imaging (MRI). In this study, the volumes of major fetal zones-cortical plate (CP), subplate and intermediate zone (SP + IZ), germinal matrix (GMAT), deep gray nuclei (DG), and ventricles (VENT)-are calculated from automatic segmentation of motion-corrected, 3D reconstructed MRI. We analyzed 48 T2-weighted MRI scans from 39 normally developing fetuses in utero between 20.57 and 31.14 gestational weeks (GW). The supratentorial volume (STV) increased linearly at a rate of 15.22% per week. The SP + IZ (14.75% per week) and DG (15.56% per week) volumes increased at similar rates. The CP increased at a greater relative rate (18.00% per week), while the VENT (9.18% per week) changed more slowly. Therefore, CP increased as a fraction of STV and the VENT fraction declined. The total GMAT volume slightly increased then decreased after 25 GW. We did not detect volumetric sexual dimorphisms or total hemispheric volume asymmetries, which may emerge later in gestation. Further application of the automated fetal brain segmentation to later gestational ages will bridge the gap between volumetric studies of premature brain development and normal brain development in utero.
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Introduction
The latter half of gestation represents a dynamic period of brain maturation that is reflected in substantial growth of transient fetal tissues or zones. Histopathological and 2D magnetic resonance imaging (MRI) studies (e.g. Kostovic et al., 2002; Kinoshita et al., 2001) have demonstrated that fetal zones of the cerebral mantle grow then regress, each making an essential contribution to the mature brain (for review, Bystron et al., 2008) . Particularly the cortical plate thickens to a stereotypic depth and increases in surface area exponentially, while ventricular and subventricular zones reach maximum volume before regressing and nearly disappearing (e.g. Jammes and Gilles, 1983) . Developing volumetric trajectories for the whole brain and each fetal zone during this period of rapid cerebral expansion will illuminate how the composition of the brain changes as it matures. Tissue growth has been characterized in premature brains generally from 30 to 40 GW (Hüppi et al., 1998; Kuklisova-Murgasova et al., 2010) . However, growth trajectories generated from these postnatal subjects inherently represent an atypical developmental course. In utero imaging is better suited for the direct study of normal gestational development.
In utero MRI and ultrasonography studies have successfully measured total brain volume over broad gestational ages to develop meaningful normal global growth trajectories (Baker et al., 1995; Gong et al., 1998; Chang et al., 2003; Roelfsema et al., 2004; Grossman et al., 2006; Kazan-Tannus et al., 2007; Limperopoulos et al., 2010) . The general growth patterns of the fetal zones and regional volumes have been characterized in past in utero imaging studies (Fogliarini et al., 2005; Prayer et al., 2006; Perkins et al., 2008; Hu et al., 2009) , though these reports were either qualitative descriptions or the quantitative analyses had methodological limitations that prevented simultaneous and automated 3D measurement of multiple zones of the cerebral mantle in a 0736-5748/$36.00 Published by Elsevier Ltd on behalf of ISDN doi:10.1016/j.ijdevneu.2011.04.001
